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The present Amendment and the following Remarks are submitted in response to the Final Office 
Action mailed January 29, 2007. In this Amendment and Response After Final Rejection, Applicant is 
amending claim 30, canceling claim 59, and adding new claims 65 and 66. Claim 30 is being amended 



new claim 65 can be found in the specification at, for example, page 31, lines 2 to 3. This Amendment 
adds no new matter. 

The minor amendments presented herein would not raise any new issues that would require 
further consideration and/or search. Appl icant submits that the amendments would place the claims in 
condition for allowance or at least present the rejected claims in better form for consideration on appeal, 
and therefore shoud be entered after the final rejection under 37 C.F.R. §1.1 16. Claims 30, 31, 34, 36, 38, 
56 and 60-66 will be pending upon entry of this amendment. 

Applicant thanks the Examiner for withdrawing the objections and some rejections. The 
remaining points are addressed below. 

Interview Summary 

Applicant thanks the Examiner for the helpful telephone interview on March 29, 2007. The 
enablement rejection was discussed. An agreement on the approach to responding to the rejection was 
reached. 

Paragraph 2. Restriction Requirement 

The Examiner denied Applicant's request to examine claim 59 and maintained his 
assertion that it is properly included in a Group X outside of the group represented by the examined 
claims. In response, herein cancels claim 59 as being drawn to a non-elected invention. Applicant hereby 
reserves the right file a continuing application or take such other appropriate action as deemed necessary 
to pursue the subject matter of canceled claim 59 and/or claims in other groups. Applicant does not 
hereby abandon or waive any rights in the non-elected inventions. 
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Paragraph 8. Rejection of the Claims Under 35 U.S.C. §112, First Paragraph 

Claims 30 and 56 remain rejected under 35 U.S.C. §1 12, first paragraph as allegedly containing 
subject matter which was not described in the specification in such a way as to enable one skilled in the 
art to which it pertains or with which it is most nearly connected, to make and use the invention 
commensurate in scope with the claims. In particular, the Examiner maintained that there would be 
undue experimentation for one of skill in the art to make or use an NCE1 protein at least 95% identical to 
SEQ ID NO:4 or encoded by a nucleic acid at least 95% identical to SEQ ID NO:3. Applicant 
respectfully traverses the rejection. : 

The Examiner asserted that there would be an undue amount of trial and error experimentation for 
one of skill in the art to search and screen a vast number of biological sources for any protein having at 
least 95% identity to SEQED NO:4 or encoded by any expression element comprising a nucleic acid 
sequence at least 95% identical to SEQ ID NO: 3, wherein the protein forms a thioester linkage with 
NEDD8. Alternatively, the Examiner thought there would be too much trial and error experimentation 
for one of skill in the art to screen for specific residues or bases to change so the resulting protein does not 
have inactivated thioester linkage capabilities. Applicant respectfully disagrees. 

First, a look at the scope of the claims. The NCE1 protein of SEQ ID NO:4 is 183 amino acids. 
To make a polypeptide at least 95% identical to the NCE1 protein (as in claim 30.a)), one could change 
up to about 9-10 amino acids. To make a polypeptide at least 99% identical to the NCE1 protein (as in 
new claim 65), one could change upto about 2 amino acids. To make a polypeptide encoded by a nucleic 
acid at least 99% identical to SEQ ID NO: 3 (as in amended claim 30 c)), one could change up to about 6 
bases, but would not necessarily be changing as many amino acid residues, due to the redundancy of 
different codons' abilities to encode the same amino acid. This is not an endless number of possibilities. 

Furthermore, Applicant disagrees with the assertion that there will be trial and error 
experimentation. The specification, at page 31, lines 8 and 9, identified amino acid residue 11 1 of SEQ 
ID NO:4 as a residue important for retention of biological activity. The teachings of rational mutant 
design, such as in the previously cited W095/18974, known to those skilled in the art include the use of 
alignments such as provided by Applicant at Figures 3 and 7. One of skill in the art would see the 
numerous conserved residues (80 identical residues in Figure 3 (aligned with one related enzyme) and 22 
identical residues in Figure 7 (aligned with 16 related enzymes)). One of skill in the art would recognize 
that at least the 22 residues, if not the 80 residues, are more likely to be important for activity than others 
and thus preferably would change other residues to avoid destruction of activity. 

In addition, Figures 3 and 7 could guide the skilled practitioner in making conservative amino 
acid changes as taught in W095/18974. A comparison of the teaching at page 33, lines 3 to 22 of that 
publication with Figures 3 and 7 alignments show conservative differences of the NCE1 sequence with 
the other sequences. This would provide the skilled practitioner with two sets of information: 1) they 
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would help identify conservative changes which may be tolerated at positions which align with other 
active enzymes and 2) the near conservation at similar residues could help identify residues where change 
is tolerated, but too much change might alter the activity to some degree and thus could steer the 
practitioner away from making too many changes of nearly conserved residues. When one views the 
alignments from the perspective of similarity in addition to identity, the number of trials is further 
decreased. 

Finally, Applicant further submits, as Exhibit A., Bowie et al. ((1990) Science 247:1306-1310), 
wherein the authors concluded that "proteins are surprisingly tolerant of amino acid substitutions (page 
1306, col.2, lines 12-13). In these studies, authors performed approximately 1500 single amino acid 
substitution at 142 positions of the lac repressor and found that "about one-half of all the substitutions 
were phenotypically silent/' Therefore, one can expect that a significant percentage of random 
substitutions in a given protein will result in mutated proteins with full or nearly full activity. These are 
far better odds than those at issue ini/n re Wands, 858 F.2d 731 (Fed. Cir. 1988), in which the court found 
that screening many hybridomas to find the few that fell within the claims was not undue 
experimentation. Based on Exhibit A*s disclosure, one would predict that even random substitution of 
amino acid residues in NCEI will result in a large pool of mutants having full or partial thioester linkage 
activity. When one makes less than random substitutions following the guidance of the Applicant in the 
specification and the teachings in the art including those cited in W095/18974 (avoiding changes to 
evolutionally conserved amino acid residues and performing conservative substitutions), the odds of 
retaining function are greatly increased. Therefore, it is not undue experimentation to devise a 
polypeptide within the structural limitations of the claims having the functional limitation also found in 
the claims. 

In summary, as discussed in;the prior response, filed on November 7, 2006 (herein incorporated 
by reference) and supplemented here, the knowledge of one skilled in the an, supplemented by the 
structural information and functional assay methods provided by Applicants enables the production and 
identification of polypeptides encompassed by the claims (as amended) without undue experimentation. 
In view of the amendments and these remarks, Applicant respectfully requests that the rejection of claim 
30 (claims 31 and 56 dependent thereon) be withdrawn. 

Rejoinder 

Applicant submits that claims 30, 31 and 56 (and new claims 65 and 66) will be found 
allowable, and the application is allowable with respect to the group elected after the Restriction 
Requirement mailed January 1 1, 2006. Applicant believes that now, the Examiner, under MPEP § 
821.04, as noted in the Restriction Requirement, can undertake the review of the withdrawn process 
claims, 34, 36, 38 and 60-64, which depend from or otherwise include all the limitations of the allowable 
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product claims. In the next Office communication, Applicant respectfully requests comment on these 
withdrawn claims after rejoinder. 

CONCLUSION 

The foregoing amendments and remarks are being made to place the Application in condition for 
allowance. Applicant respectfully requests that the Examiner consider these remarks after final rejection 
and indicate the allowance of the claims 30, 31 and 56 (and new claims 65 and 66) and rejoinder (and 
subsequent allowance) of claims 34, 36, 38 and 60-64 because, in view of these remarks, Applicants 
respectfully submit that the rejection of claim 30 (claims 31 and 56 dependent thereon) under 35 U.S.C. § 
1 12 is herein overcome. Early notice to this effect is solicited. 

If, in the opinion of the Examiner, a telephone conference would expedite the allowance of the * 
subject application, the Examiner is encouraged to call the undersigned. If the Examiner disapproves of 
Applicants' amendments and/or remarks in this response, Applicants request a prompt mailing of an 
Advisory Action to that effect. 

This paper is being filed timely within two months of the mailing date of the final action. No 
extensions of time are required. In the event any extensions of time are necessary, the undersigned 
hereby authorizes the requisite fees to be charged to Deposit Account No. 501668. 

Entry of the remarks made herein is respectfully requested. 



29 March 2007 



Respectfully submitted, 

MILLENNIUM PHARMACEUTICALS, INC. 




By 



Trac^M. Sioussat, Ph.D 
Registration No. 50,609 
40 Landsdowne Street 
Cambridge, MA 02139 



Telephone - 617-374-7679 
Facsimile - 617-551-8820 
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Deciphering the Message in Protein Sequences: 
Tolerance to Amino Acid Substitutions 
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James U. Bowie,* John F. Reidhaar-Olson, Wendell A. Lim, 

Robert T. Salter 



fi amino acid sequence encodes a message that deter- 
ines the shape and function of a protein. This message is 
ghly degenerate in that many different sequences can 
Jie for proteins with essentially the same structure and 
tivity. Comparison of different sequences with similar 
essages can reveal key features of the code and improve 
lderstanding of how a protein folds and how it per- 
rms its function. 



rHE GENOME IS MANIFEST LARGELY IN THE SET OF PRO- 
tcins that it encodes. It is the ability of these proteins to fold 
into unique three-dimensional structures that allows them to 
lction and carry out the instructions of the genome. Thus, 
nprehending the rules thar relate amino acid sequence to struc- 
e is fundamental to an understanding of biological processes, 
cause an amino acid sequence contains ail of the information 
xssary to determine the structure of a protein (7), it should be 
ssible to predict structure from sequence, and subsequently to 
cr detailed aspects of function from the structure. However, both 
)blems are extremely complex, and it seems unlikely that cither 
1 be solved in an exact manner in the near future. It may be 
istblc to obtain approximate solutions by using experimental data 
simplify the problem. In this article, we describe how an analysis 
allowed amino acid substitutions in proteins can be used to 
uce the complexity of sequences and reveal important aspects of 
icturc and function. 



ethods for Studying Tolerance to 
quence Variation 

There are two main approaches to studying the tolerance of an 
ino add sequence to change. The first method relies on the 
cess of evolution, in which mutations are either accepted or 
<xed by natural selection. This method has been extremely 
verful for proteins such as the gJobtns or cytochromes, for which 
uenccs from many different species are known (2-7). The second 
roach uses genetic methods to introduce amino acid changes at 
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specific positions in a doncd gene and uses selections or screens to 
identify functional sequences. This approach has been used to great 
advantage for proteins that can be expressed in bacteria or yeast, 
where the appropriate generic manipulations ate possible (3, 8-11). 
The end results of both methods are lists of active sequences that can 
be compared and analyzed to identify sequence features that arc 
essential for folding or function If a particular property of a side 
chain, such as charge or size, is important at a given position, only 
side chains that have the required property will be allowed Con- 
versely, if the chemical identity of the side chain is unimportant, 
then many different substitutions will be permitted. 

Studies in which these methods were used have revealed that 
proteins arc surprisingly tolerant of amino acid substitutions (2-4, 
11). For example, in studying the effects of approximately 1500 
single amino acid substitutions at 142 positions in lac repressor, 
Miller and co-workers found that about one-half of all substitutions 
were phenotypicaliy silent (J J). At some positions, many different, 
nonconservative substitutions were allowed. Such residue positions 
play litdc or no role in structure and function. At other positions, no 
substitutions or only conservative substitutions were allowed These 
residues are the most important for lac repressor activity. 

What roles do invariant and conserved side chains play in 
proteins? Residues that are directly involved in protein functions 
such as binding or catalysis will certainly be among the most 
conserved. For example, replacing the Asp in the catalytic triad of 
trypsin with Asn results in a lO^-fbld reduction in activity (12). A 
similar loss of activity occurs in X repressor when a DNA binding 
residue is changed from Asn to Asp (13). To carry out their 
function, however, these catalytic residues and binding residues 
must be precisely oriented in three dimensions. Consequently, 
mutations in residues that are required for structure formation or 
stability can also have dramatic effects on activity (10, 14-16). 
Hence, many of the residues that are conserved in sets of related 
sequences play structural roles. 



Substitutions at Surface and Buried Positions 

In their initial comparisons of die globin sequences, Pcrutz and 
co-workers found that most buried residues require nonpolar side 
chains, whereas few features of surface side chains are generally 
conserved (5). Similar results have been seen for a number of protein 
families (2, 4, 5, 7, 17, 18). An example of the sequence tolerance at 
surface versus buried sites can be seen in Fig. 1, which shows the 
allowed substitutions in X repressor at residue positions that are near 
the dimcr interface but distant from the DNA binding surface of the 
protein (9). These substitutions were identified by a functional 
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Rg. 1. (A) Amino acid substitutions aUowed in a 
«han rcpon of X repressor. The wild-type * 
quence is shown aiong the center line, fte aJ- 

^J^T™ shown each poskion 

we^ ^enuficd by randomly mutating*^ £ 
three codons at a time by using a cassette mrTrJS 
£d applying a functional 52ri^ ( S)^ 
fecnonaJ solvent accessibility (42) o/tKi 
reside cham tn the protein dimer (4J?rc£rrve 
•odic same atoms m an Aia-X-Ala model S££ 
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fHl» 2. Amino add substitu- 
tions allowed me core of X. 
pressor. The wild-type side 
Jains arc shown pictorially in 
the approximate orientation 
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s f mmor " « «ch position arc 
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side chains. These substitu- 
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cassette method and apply™ 
a functional selection {ZOi. 
Not ail substitutions arc aj- 
Jowcd in every sequence back- 
ground. 
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acceptable. Hence, the hydrophobkity of a sequence conr^! 

d^etotal side cham volume. Steric compatibiUty was in^mc^ 
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The Informational Importance of Surface Sites 
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Implications for Structure Prediction 

At present, the only reliable method for predictine a low 
rcsolunon ternary structure of a new protein is b^denrifSl 

30). However, it is often difficult to align wuoiwS *S 
of sequence similarity decreases, and it is LS^K 
to statically significant sequence similarity beoSSmS 
related proteins. Because the number of known seouences Tf/ 
greater than the number of known «ucnuST^3be Svlra 

'"™afho^^ 

a single ft^r mc Sec l ucncc ^tabasc is scanned with 

obtained from sequence sets, and several techniques have 
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been used to combine such information into more appropriately 
wagh ted sequence searches and alignments (31). These methods 
were used to align the sequences of retroviral proteases with aspartic 
P , rot "f°- Wh i ch » ™ m allied construction of a three-dimension- 
al model for the protease of human immunodeficiency virus type 1 
I Companson with die recendy determined crystal struourVof 

•hu ; protein revealed reasonable agreement in many areas of the 
predicted structure (32). 
The structural information at most surfece sites is highly degener- 

seL^T fUna, ° n f y ™P°™" exterior potions 

SLT-K "TPfrtant duefly in maintaining a reasonably polar 
£rface. The information contained in buried residues is Jso 
degenerate, the main requirement being that these residues remain 
hydrophobic Thus, at its most basic level, the key struc3 
^essage in an amino acid sequence may reside in its specific pattern 
of hydrophobic and hydrophilic residues. This is meant T^n 
mformanona! sense. Clearly, the precise structure and scanty 0 £ 

°" a ^ numb " rf interactions It is 

Foible however, dm structural prediction at a more primitive 

bll ("^^ * ^"^^"8 °n most basic 
T^T T ****** of m amino ™ d «qucnce. For example, 
anT^ CpaItttm " ** eanaed fromaKgnedseaof uoL' 
>nd I used, „ some cases, to identify secondarf structures 
bJ Seco ?^ sawxaK » Packed against the hydropho- : 
be core, a patten, of hydtophobic residues reflecting the periodicity 

Si " d T adml sc ? u ««s by hydrophobic residues on the 
h^Tf^' 11 1" 1 *' a surface position to remain 

nhtt ° VCr eDUMe of evohirion. Consequently, the am- 
phipathic panerns expected for simple sccondarys^nL canTe 

Zt^V" I n l ^ <*>- ™ s Principle is 

dusuared m Fag. ^ which shows helical hydmphobic moment plots 
lor the Antcnnapedia homeodomain sequence (Fig. 4A) and for a 
composuc sequence derived from a set of homologous homeodo- 
f * ( Jt 4B) (3S) - ^ h y«™phobic moment is a simple 
^ureof die degree of amphipathic character of a sequence faa 
^secondary structure (34). The amphipathic character of the 
^uTLT 1 * e Antcnnapedia protein (36) is clearly 
readonly by the analysis of the combined^ of homcodomSn 
bmZ„^ smK *"~ o<" Arc repressor, a small DNA- 

^u^rotein, was recently predicted by a similar method (8) and 

nUdCar ma 8 nCt,C resonance studies (J7). 
-I™? SPCC1 ^ P 3 " 6 ™ o*" hy^Phobic and hydrophilic residues in 
an am™ acid sequence must limit the number of difierenr struck 

JIT^^ T ad ° pt 3nd ^ todecd de& * to overall fold. If 
2 d3L^ n J he i mmgement ° f "phobic and hydrophilic 
residues shouklbe a characteristic feature of a particular fold. Sweet 
and Bsenbag have shown that the correfeucTofTc patternTf 
h^uophobiaty between two protein sequences is a goo£xXn 
for their structural relatedness (3S).b addition several s^d^ 
^careth^ernsc^^ 

from ahgned sequences are distinctive features sequences tfS 

htZ^^u $ T tUre »• J * Tnus,^e3er of 
K hydtophilic residues in a sequencemay actually be 

Although the pattern of sequence hydrophobiarv mav be a 
ch^cter^uc feature of a particular fold, it knT yet dear^ols^ch 
p^erns could be used for prediction of structure denoTftt 
undeisC ! nd how Patterns in sequence space can be 
^Z t a T meS ^ confontt «ton »f««. Lau and Dill have 
Ze^J?" P ? b, T n * ,tUd ^S thc Poverties of simpfc 
sequences composed only of H (hydrophobic) andP (polar) ,™ un ! 



non is shown ,n Fig. 5. Residues adjacent in the sequence must 
occupy adjacent squares on the lattice, and two reX« can^ 
occupy the same space. Free energies of particular conformation^ 
evaluated with a single term, an abaction oThS TT v 
considering chains of ten residues, an cxhausrivr ™ f? ^ Y 
«rej ; foi -all 1024 possible sequences oftta P^S^ 
possWe. For longer sequences only a representative fraction VZ 
allowed sequence or conformation space could be aim! tk 
secant results were as follows: (i) not all sequenced SSd So 
a natrre" structure and only a few sccuenceTform a unique native 
structure; (a) the ptobability that a sequence will aj Z 
name structure increases with chain length; and (iii) fcS 
SL CC T PaCt ' COntaln a ^Phobic core surrounded by polar 
r ,ta)n ^^^.^ondary structure. Although the 
gap between these two-dimensional simulations and mrec-dimcn- 

Summary 

There is more information in a set of related sequences than in a 

i C SC<1 rT CC ^ nUmbcr ° f P r3CtjcaJ appUcaSns arise from an 
Mgwrf the tolerance of residue posirioci to change. First, such 
mfornianon penn JC5 the evaluation of a residue's importance to thc 
tocaon and stability of a protein. TOs ability ^identify the 

^ ° fa P^ 1 " ^ ucnce im'prove our uncfcT- 

standmg of the determinants of protein folding and stabiliry as well 
as proteui function. Second, patterns of tolSance to amino add 
nydrophiheicy can help to identify residues 
likely to be buned in a protein structure and those likely to occupy 



Rg. 4. Helical hydro- 
phobic moments calcu- 
lated by using <A) the 
Antcnnapedia homeodo- 
main sequence or (B) a 
set of 39 aligned homeo- 
domain sequences (15). 
The bars indicate thc ex- 
tent of the hdicai re- 
gions identified in nucle- 
ar magnetic resonance 
studies of thc Antcnna- 
pedia hofneodomain 
(J6). To determine hy- 
drophobic moments, 
residues were assigned 
to one of three groups: 
HI (high hydrophobid- 
ty - Trp, lie, Phc, Leu, 
Met, Vai, or Cys); H2 
(medium hydrophobic- 
ity-Tyr, Pro, AJa, Thr, 
Gin, Asn, Gli^Asp^ys, 
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His Gly, or Ser); and H3 (tow hydroptiobidry = G tn Asn Glu A™ f , 
or Arg,. the aligned hcancodonSo sequcncS the res^u^'^ 
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Fig. S. A representation of one com- 
pact conformation for a particular 
sequence of H and P residues on a 
two-dimensional square h trice. 
(Adapted from (40), with permis- 
sion of me American Chemical Soci- 



surface positions. The amphipathic patterns that emerge can be used 
to identify probable regions of secondary structure. Third, incorpo- 
rating a knowledge of allowed substitutions can improve the ability 
to detect and align distantly related proteins because the essential 
residues can be given prominence in the alignment scoring. 

As more sequences arc derrrmined, it becomes increasingly likely 
that a protein of interest is a member of a family of related 
sciences. If this is not the case, it is now possible to use genetic 
methods to generate lists of allowed amino arid substitutions 
Consequently, at least in the short term, it may not be necessary to 
solve the folding problem for individual protein sequences. Instead, 
information from sequence sets could be used. Perhaps by simplify- 
ing sequence space through the identification of key residues, and by 
simplifying conformation space as in the lattice methods, it will be 
possible to develop aJgonthms to generate a limited number of trial 
pictures. These trial structures could then, in turn, be evaluated by 
further experiments and more sophisticated energy calculations. 
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